Background: Greater hospital case volumes are associated with improved outcomes for high-risk procedures. The hospital-outcome association for complex but low-mortality procedures and the association between surgeon versus hospital case volume and surgical outcomes have been less explored. The authors examined the association between surgeon and hospital volume and the success for free tissue transfer (free flap) surgery. The authors hypothesized that there would be positive associations between hospital and surgeon volume and the success of free flap surgery. Methods: The study design was a cross-sectional analysis of adults aged 18 to 64 years who underwent free flap surgery. The authors used 100 percent of all free flap operations between 2001 and 2012 using Taiwan's national data that cover the entire population of 23 million in the country. The authors applied hierarchical regression modeling to analyze volume-outcome associations.
mortality. 1 Since then, over 400 articles have been published on this topic over a wide variety of medical procedures, including coronary angioplasties, cancer operations, surgical treatment for acute myocardial infarctions, and pancreatectomies. [2] [3] [4] [5] [6] [7] [8] [9] The majority of these studies conclude that there is an association between surgical volume and lower mortality rates. Many proponents of the volume-outcome association suggest that health care policies should encourage regionalization of highrisk, complex operations to high-volume medical centers. For example, Gordon et al. followed inhospital mortality after Whipple procedures over a 12-year period over which the Johns Hopkins Hospital went from performing 20 percent of these procedures to 58 percent and the in-hospital mortality rate dropped from 17 percent to 5 percent. 2 The authors estimated that the majority of the decline in the mortality rate was attributable to the centralization of care in Maryland. 2 Despite many unresolved challenges, the regionalization and systematic coordination of care for many high-profile surgical operations has garnered increased attention. 10 The complexity of free flap surgery suggests that if these procedures are performed predominantly at higher volume centers, patient outcomes might be improved. The success rate of free flap surgery ranges between 65 and 90 percent. [11] [12] [13] [14] The majority of studies that test the volume-outcome hypothesis examine high-mortality procedures. [15] [16] [17] [18] Little is known about the association between the outcome of complex but low-mortality procedures such as free flap surgery and hospital volume. Furthermore, the observed association between volume and outcome may be that high-volume hospitals tend to have surgeons who are more experienced with specific procedures. 16 Although many studies have explored the association between hospital or surgeon volumes and outcome measures independently, relatively few have examined the associations between both hospital and surgeon volumes and outcome measures simultaneously. 19 Using the 2001 to 2012 National Health Insurance Research Database of Taiwan, we examined the associations between hospital and surgeon volumes, and the success of free flap surgery. Because of Taiwan's universal single-payer health care system, its national data are ideal for examining the volume-outcome associations. In this study, we used all free flaps performed in Taiwan over the study period. Our specific aims were to (1) determine the surgical success of the free flap in high-volume compared with low-volume hospitals; (2) examine the surgical success among highvolume compared with low-volume surgeons; and (3) assess the surgical success among high-volume surgeons working in high-volume hospitals compared with other combinations of hospital and surgeon volumes. We hypothesized that greater volume surgeons and hospitals have a higher probability of success. The impact of this study is to translate the Taiwan experience in free flap surgery to improve outcomes of this complex reconstructive procedure in the United States.
PATIENTS AND METHODS

Data
We used the 2001 to 2012 National Health Insurance Research Database of Taiwan to examine the probability of success, defined as survival of the first attempted free flap, adjusting for patient, surgeon, and hospital characteristics. The National Health Insurance Research Database covers the use of all medical services and prescription drugs for over 23 million people, or more than 99 percent of Taiwan's population. In addition, we merged the National Health Insurance Research Database data files with additional registry files-the registry of board-certified surgeons and the registry of contracted medical facilities-to obtain further information on surgeon and hospital characteristics. The internal review boards of the University of Michigan and Chang Gung Memorial Hospital approved this study. Finally, to examine the validity of our data, we compared medical chart data of all free flap patients at Chang Gung Memorial Hospital with their corresponding records in the National Health Insurance Research Database in 2012. No significant variation was observed. (See Table, (Fig. 1 ).
Hospital and Surgeon Volume Group
Within the National Health Insurance Research Database, a unique national identifier is assigned to each hospital and surgeon. The final principal physician is the one who is responsible for discharging the patient. In cases where more than two surgeons were identified as principal surgeons, we chose the one with a plastic surgery specialty because most free flaps are performed by plastic surgeons. In the absence of a plastic surgeon, we chose the attending surgeon who the patient saw within the first 3 months after surgery. To define the volume groups for surgeons and hospitals, we sorted their corresponding volumes (number of free flap operations) in ascending order into three approximately equal groups. 15, 16, 20, 21 For hospitals, the three categories wereless than 95, between 95 and 156, and more than 156 operations per year; for surgeons, the three categories were less than 11, between 11 and 25, and more than 25 operations per year.
Variables
Dependent Variable
The main outcome of interest was the survival of the free flap. (See Table, Plastic and Reconstructive Surgery • September 2017 3 months of initial procedure, Current Procedural Terminology codes indicated reexploration (69001B, 69003B, and 69005B), débridement (48001C to 48006C), bleeding (69029B), or anastomosis of vessels (69008B and 690032C) followed by the performance of another flap (62032B to 62038B) or a local flap (62045B to 62047B, 62049B, 62051B to 62056B, and 62058B to 62060B), we considered that the original free flap had failed; otherwise, we classified the operation as successful.
The main explanatory variables were the average annual volume of operations performed among surgeons and hospitals after controlling for patient, surgeon, and hospital characteristics. For patient characteristics, we included age at the time of surgery, sex, number of comorbid conditions within 1 year of the operation (based on the Elixhauser algorithm), and whether the operation was categorized as emergency or planned. Hospital characteristics included the status of the hospital as being public versus private, its teaching status, and its geographic location. Finally, we controlled for each surgeon's years of experience and case volume.
Statistical Analysis
Our main analyses focused on the associations between surgeon and hospital volumes and the success of the operation, as defined above. We performed analyses using both hospital and surgeon volumes as continuous variables. In addition, to perform additional sensitivity analyses and also to examine the interaction effects of different hospital and surgeon volumes on success of the operation, we ran our regression models using categorical variables for volume.
We used a generalized linear mixed model with a logistic link function and specified a hospital-and surgeon-level random effect to account for repeated measures and potential correlation among patients treated by the same surgeon or in the same hospital. To fully establish and explore the associations between providers and patient outcomes, we performed a series of step-in, multilevel regression models: (1) analyzing the association between success of the operation and hospital volume, adjusting for patient characteristics only; (2) analyzing the association between success of the operation and hospital volume, adjusting for patient and hospital characteristics; and (3) analyzing the association between success of the operation and hospital characteristics, adjusting for surgeon volume and years of experience. We adjusted for the effect of clustering of patients (level 1) within surgeons (level 2) and clustering of the surgeons within hospitals (level 3).
Finally, we created a receiver operating characteristic curve using our completely adjusted regression model. We used the Youden J statistics method to calculate the best cutoff volume for hospitals. The Youden J statistics method is a common method for calculating the optimal cutoff point for the target continuous variable. The cutoff point showed the minimum hospital volume for achieving the best sensitivity and specificity. By looking for the optimal value with the highest Youden J statistics (J = sensitivity + specificity − 1), we assumed that sensitivity and specificity had the same importance in our study.
All analyses were performed at a patient level. We used the SAS statistical package (version 9.3; SAS Institute, Inc., Cary, N.C.) for all analyses. Table 1 lists patient and provider characteristics by stratifying them into three mutually exclusive groups based on annual hospital volume (<95 cases, between 95 and 156 cases, and >156 cases). Patients were distributed evenly among the three groups (30 to 35 percent in each group). The mean age of free flap patients was approximately 46 years, with 86 percent being male patients. On average, the patients had two chronic conditions. More than 97 percent of all free flap cases were scheduled rather than being emergency operations. There were two times more emergent cases in low-volume hospitals compared with mediumor high-volume centers. O 877 surgeons performing free flaps, more than half (56 percent) were working in hospitals with less than 95 annual free flaps (low-volume hospitals); these surgeons had fewer annual operations compared with surgeons working in hospitals with more than 156 free flaps (high-volume hospitals) (four versus 11 operations) and had fewer years of experience (7 years versus 10 years). Approximately 90 percent of 127 hospitals that performed free flaps had fewer than 95 annual operations; in contrast, only three hospitals had more than 156 annual operations. The majority of the hospitals in our sample were private (63 percent), teaching (85 percent) hospitals. Higher volume hospitals had more beds and more plastic surgeons. For example, on average, high-volume hospitals had 3285 beds and 41 plastic surgeons compared with 1131 beds and 10 plastic surgeons at low-volume hospitals (p < 0.001 for both). Although statistically significant, the unadjusted difference in free flap success between 48 (10) 45 (11) 46 ( (27) 2006 (26) 2114 (24) 6479 ( 799 (10) 1056 (12) 2773 (11) Family 1265 (14) 1188 (15) 1387 (16) 3840 (15) Emergency admission 496 (6) 142 (2) 229 (3) 867 ( (6) 7 (8) 11 (19) 6 (10) <0.001 † Surgeon experience, yr 7 (6)
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Plastic and Reconstructive Surgery • September 2017 the low-volume (94 percent) and high-volume (96 percent) hospital groups was minimal (2 percent; p < 0.001). Table 2 presents our three-step regression results. First, we included only patient characteristics in the model; second, we added hospital characteristics; and third, we included surgeon characteristics. Our aim was to see the influence of other variables in the association between hospital volume and the rate of successful surgical outcome. In terms of specific patient characteristics, the number of comorbid conditions and whether the operation was emergent or planned both had an inverse association with the success of the free flap operation (OR, 0.94; 95 percent CI, 0.90 to 0.98; and OR, 0.59; 95 percent CI, 0.45 to 0.78, respectively). Among the hospital characteristics analyzed, being a public hospital rather than private was associated with higher odds of success (OR, 1.73; 95 percent CI, 1.08 to 2.77). The association between average number of hospital beds and free flap success was statistically significant, but trivial. Although minimal, as we added hospital and surgeon characteristics to our first model, hospital volume consistently showed a positive association with success of free flap surgery (OR, 1.007; 95 percent CI, 1.00 to 1.01). Finally, surgeons' years of experience (and not their annual volume) had a small but positive association with the success of free flap surgery (OR, 1.04; 95 percent CI, 1.02 to 1.06). Figure 2 shows our receiver operating characteristic curve. The area under the receiver operating characteristic curve represents the accuracy of the model. Area under the receiver operating characteristic curve values range from 0.5 to 1, with higher values indicating better accuracy; our area under the receiver operating characteristic curve was 0.8. The optimal cutoff point with the highest Youden J value was 131 annual free flap cases at the hospital; the sensitivity and specificity of our model were 70.2 percent and 72 percent, respectively. Accordingly, the success rate of free flap surgery in hospitals with 131 annual operations is expected to be 94 percent. Moreover, a higher success rate can be expected if the hospital's annual volume is higher than 131 cases because we have shown that hospital volume has a significantly positive influence on the success rate of surgery. 
Sensitivity Analysis
In addition to using continuous variables for surgeon and hospital volumes, we used categorical variables for both hospitals and surgeons to examine associations between volume and outcome and hospital/surgeon volumes interactions. 
DISCUSSION
Our study yielded three main findings. First, regardless of hospital volume, the free flap success rate was high in Taiwan. Our results, however, still indicate a small but positive association between hospital annual volume and success of free flap Plastic and Reconstructive Surgery • September 2017 surgery. Second, surgeon experience rather than volume was more closely associated with surgical success. Finally, the combination of high-volume surgeons working in high-volume hospitals yielded higher odds of success in free flap surgery compared with other surgeon-hospital combinations.
Although free flap surgery is a complex and resource-intensive surgical procedure, it can provide substantially better functional and aesthetic restoration. 22 Flap failure, however, not only has devastating consequences on the patient but also wastes valuable resources. 23 The high success rate of free flaps in Taiwan may be attributed to three potential factors: (1) the widespread use of free flaps, especially for the treatment of head and neck cancer, which is more prevalent in Taiwan   24 than in other countries; (2) incentivized national health care policies toward regionalization of care for complex operations such as free flaps 25, 26 ; and (3) high-quality and intense microsurgery training in Taiwan. 27, 28 Taiwan's National Health Insurance Program is one of the most successful single-payer health systems, providing health coverage to more than 99 percent of Taiwan's 23 million residents. 25, 29, 30 Consistent economic prosperity in Taiwan along with a substantial rise in demand for medical care because of the implementation of the National Health Insurance Program in 1995 have yielded a highly competitive environment among hospitals in Taiwan. 26 The high rate of free flap success in Taiwan may be explained by a series of comprehensive health care policies. Taiwan's National Health Insurance payment system is based on a fee-for-service payment system. Unlike other countries with a single-payer system, such as the United Kingdom or Canada, Taiwanese patients are allowed and encouraged, without any gatekeeping policy, to choose their hospitals and physicians. Thus, it is not uncommon for patients to spend time shopping for a higher quality hospital before scheduling an operation. The majority of free flap operations in Taiwan between 2001 and 2012 were scheduled (nonurgent), which means patients may have had time to find the best provider.
Although our results did not show significant associations between teaching status or number of plastic surgeons and better outcomes, in the United States, given the expenses required to maintain qualified monitoring personnel and equipment, and the lack of plastic surgery residents and microvascular fellows in nonteaching hospitals, free flap procedures are performed more often and with better results in large teaching hospitals. [31] [32] [33] Potentially, through developing partnerships with large teaching hospitals, low-volume and nonteaching hospitals could gain access to some of the economically advantageous benefits of those hospitals. 34, 35 For example, low-volume hospitals may devise a referral arrangement to send complex cases to selected high-volume centers so that the patients can be treated efficiently. Finally, the comparison among different surgeon specialties in free flap success would have been an intriguing question; however, the high success In addition, the hospital reimbursement system is based on each hospital's capacity, patient volume, and services provided. After the implementation of Taiwan's global budget in 2002, 31 hospitals have been incentivized to increase their patients' length of stay or intensity of provided care to receive better financial reimbursements. 31 Under a global budget cap, all hospitals share a limited budget and thus rigorously compete to increase their market share. 31 Despite the high patient demand, because of the large number of health care providers, patient wait times in Taiwan are among the lowest among developed countries. 26 For example, wait times for scheduling hip and knee replacements are 12 and 18 days, respectively, compared with months if not years in Canada. 26 In addition, all insured patients in Taiwan have their personal "smart insurance cards," containing their important medical information. These cards can be read by all hospitals in the country and used for hospital reimbursement. A combination of the above policies along with a growing standard of care because of Taiwan's economic prosperity have increased the demand for high-quality care. In Taiwan, competition among hospitals to attract patients is intense. As financial pressure from reduced government reimbursements continues to force smaller hospitals to exit the market, the number of hospitals is declining and they are becoming more specialized. For example, in 2012, only 133 of 508 hospitals in Taiwan (approximately 25 percent) were performing free flap procedures. Therefore, although the hospital-volume effect was small, our findings agree with previous research, showing better outcomes among higher volume hospitals. [15] [16] [17] [18] Not surprisingly, the outcome of a surgical procedure depends on how well the operation itself is performed. Contrary to previous literature, 16 ,32,33 we did not find any association between surgeon volume and the success of free flap surgery. That could be attributed to a few highvolume surgeons having relatively more complications with more residents involving at a teaching hospital. However, similar to other studies, [34] [35] [36] our results indicate a positive association between surgeon experience and the success of an operation. For example, Schmidt et al. found that when performing pancreaticoduodenectomies, more experienced surgeons showed better outcomes (e.g., lower pancreatic leak rate, less intraoperative blood loss, or mean shorter operative time), regardless of their annual volume. 37 The quality of a surgical operation is linked to the surgeon's experience; more experience is associated with shorter operating times, fewer surgical mistakes, and better outcomes in general. [38] [39] [40] Furthermore, although previous studies have shown higher hospital volumes to be associated with improved outcomes, 41 the interaction between surgeon versus hospital volume and contribution of each to surgical outcome has been less explored. 42 High-volume hospitals have more specialized surgeons, better-staffed intensive care units, and a broader range of technology-based services and a superior postoperative monitoring system that may not be available at smaller or lower volume hospitals. 16 Although the interaction between hospitals and surgeons in the success of an operation is important, hospital volume is a stronger measure of quality than surgeon volume. For instance, if an experienced surgeon operates in a low-volume hospital with fewer resources, even if the immediate result is a success, lower quality postoperative care may jeopardize the success of the operation. However, a high-volume hospital can provide excellent support to low-volume surgeons. Consistent with previous research, [43] [44] [45] our results indicated that high-volume surgeons at high-volume hospitals had the highest odds of success for free flap operations.
The main limitation of this study was the lack of data to control for the severity of patients' conditions or complexity of the flap. In addition, using a large data set, we were able to measure only survival, major complications, and failure of the free flap operation. It is equally important to analyze the association between provider volume and degree of functionality and aesthetic aspects of the operation. Finally, because of differences in culture and health care policies, some of our findings may not be applicable to the United States. Regardless, using entire Taiwan's national data, we were able to examine the association between provider volume (for both surgeons and hospitals, and their interactions) and free flap outcome on a national scale. Successful systems of care, especially for complex operations with a relatively higher rate of failure elsewhere, should be thoroughly examined. That was our goal in this study.
Our findings were consistent with previous research on hospital volume and surgical outcome associations. Despite an already centralized system of care for free flap surgery, higher volume hospitals were associated with better operational success rates. We found that surgeon experience and not case volume is positively associated with a higher probability of free flap success. Finally, only high-volume surgeons who worked in high-volume
